No threshold limit values for mold (TLVs) have been given by the World Health Organization (WHO) indoor air quality guideline. 9 Currently, there are no United States of America-Environmental Protection Agency (USA-EPA) regulations or standards for airborne mold contaminants. 10 Different countries (Finland, Belgium, Brazil) have tried to define guidelines to quantify what levels of fungi are considered as inappropriate for dwellings for various kinds of patients compared to the healthy population. Some countries such as
Finland have described the measurement protocol but have not defined a threshold. 11, 12 In 2017, the Belgian Ministry of Health noticed that for each of its three regions (Flanders, Wallonia, Brussels) there were different criteria to characterize dwellings at risk, but none of them had been chosen as a reference because they were considered unusable (www.health.belgium.be). 13 However, in Brazil, 14, 15 two texts from the Brazilian Health Surveillance Agency (Anvisa) from 2000 16 and from 2003 17 were published establishing referential standards for indoor air conditioning with a maximum limit of rules for dwelling environmental analysis. They were essentially based on classifying moldy surface areas (>3 m² required remediation) and listing at-risk fungi, but no threshold was defined for culture analysis at that time. 18 At the Besançon University Hospital ((UHB) Besançon, France)
we developed our own interpretation reading grid. 19 The cultures of air results are subdivided into four classes and the surface results are summarized in compliance with the same rules as those implemented by the CSHPF.
In 2013, Portuguese decree law no 118 (PDL 118) introduced new criteria concerning the interpretation of air cultures, including the whole fungi count, but the PDL 118 also added specifying limits for every potentially allergenic or toxic species (ie, Aspergillus versicolor or Stachybotrys chartarum). 20 These criteria provided the most ambitious grid in Europe for interpreting culture results.
In 2016, the French National Agency for Environment Health (ANSES) recommended that the CSHPF list of at-risk fungi be revised and fixed an "abnormal" threshold for culture at >1000 cfu of total fungi/m 3 and/or moldy area surfaces of more than 3 m² as indicating insalubrity for which health authorities should rehouse inhabitants. 21 The aim of this retrospective study, analyzing 1012 dwellings, was to evaluate the usefulness of measuring the concentration of indoor fungi by culture to advise patients suffering from rhinitis, conjunctivitis, and asthma who are exposed to unhealthy living conditions. First, our protocol was evaluated from a microbiological point of view.
Second, PDL 118, ANSES recommendations, and our UHB selfguide for air analysis interpretation were used to determine the rate of non-conforming dwellings.
Third, the environmental microbiological results and medical data for each kind of disease were compared.
Finally, a new guideline was proposed to interpret the results and to obtain an optimal cost for this kind of survey.
| ME THODS

| Subjects
Patients suffering from various respiratory diseases (n = 908) seen in private allergology offices and several allergology and pneumology units of Besançon and Dijon University Hospitals ("BourgogneFranche-Comté" region) were referred to the "Réseau d'Allergologie de Franche-Comté" (RAFT) (n = 491) and to the "Mutualité Française
Bourgogne" (MFB) (n = 417). The RAFT is a structure organized by the regional agency of health ("Agence Régionale de Santé"-ARS) to help in the management of allergic patients by proposing the advice of a dietitian for food allergies or an MIEC to evaluate the sanitary conditions of dwellings and to suggest improvement. In the western part of the "Bourgogne-Franche-Comté" region, the MFB assumed this role for the members of one of the numerous mutual health insurance companies available. The MFB staff includes two MIEC. (See map Figure 1 .)
The allergic patients' homes included in the study were inspected and managed by these two networks, and fungi samples were taken by MIEC. Subjects free of allergic respiratory symptoms from two previous studies were used as the control groups ((Hematologic Group (HG) n = 56) 22 and (Composting Group (CG) n = 48)). 
| Environmental survey procedure
The medical and environmental questionnaires, protocol visits, sampling, and analyses were the same throughout the study for all participants. The MIEC went to dwellings and took on average of four
Practical implications
• Dwellings with >1000 cfu/m 3 in whole molds, either 300 cfu/m 3 of Aspergillus versicolor or 495 cfu/m 3 for
Cladosporium spp. must be considered as dwellings at risk for allergic patients.
• The Portuguese-decree law no 118/2013 could be modified by raising the thresholds of A. versicolor from 12 to 300 cfu/m 3 thus lowering the rate of non-standard dwellings from 55.2% to 23.3%.
• Four species out of 67 isolated from dwellings are correlated to asthma: A. versicolor (P = 0.004), Cladosporium (P = 0.02), Aspergillus niger (P = 0.03), Alternaria alternata (P = 0.05).
• Bedroom airborne samples indicate the best level of in- Rooms systematically sampled were as follows: bedroom, bathroom, kitchen, and living room. Sampling was carried out with closed windows from 1st October to 30 April, so as to avoid the summer period. Inquiries (visits and questionnaires on flooding, water leakage, aerating, room ventilation habits, etc) were supplemented with different measurements (temperature, relative humidity, mite detection, and gas). In cases where the CO or CO 2 rate was too high, the health authority (ARS) was immediately informed. If the measured temperature was below 18°C and the relative humidity (RH) was higher than 60%, the MIEC advised the inhabitants on how to obtain a temperature between 18 to 22°C with a humidity rate below 40% RH. They also provided other advice in a report on aerating, ventilation, and remediation work necessary to resolve flooding and water leakage.
This report was sent to each patient and his medical practitioner. Mycological results were added to the MIEC recommendations and were sent to both the patient and his/her doctor. A fourth condition regarding three tropical highly pathogenic fungi (class III biohazard) is not applicable in metropolitan France.
| Microbiology lab procedures
| Interpretation criteria and thresholds
| UHB criteria
Only Cryptococcus neoformans, a class II b that has been found in Europe, is considered dangerous.
| ANSES recommendations
ANSES states three recommendations 21 :
A culture presenting a concentration in total molds >1000 cfu/ m 3 is considered "abnormal" and requires professional intervention for remediation.
The list of the undesirable species is similar to that of the CSPHF 
| Statistics
Rstudio software (3.2.2 version, Boston, USA) was used for the sta- Logistic regressions were used to explore associations between health data (asthma, rhinitis, and conjunctivitis) and exposure metrics at two levels: in global bedroom contamination and by quantification of different species. For this last part of the analysis, we kept only species present in at least 5% of dwellings. Thus, 12
mold genera and species were included in the model and a stepwise backward selection process was used to find the optimal model. Adjusted odds ratios (aOR) were adjusted on the other species included in the model and calculated using the "odds ratio" package. 28 
| RE SULTS AND D ISCUSS I ON
| Description of recruited dwellings
Dwellings situated on the first floor represent <5% and under the roof <2%. Comparisons between the two groups (908 allergic and 104 controls) show no difference based on the kind of dwellings (50% houses, 50% apartments), on the surface area (mean 115 m²), on the flooding and water leakage incidents (around 16%), on ventilation systems (50% active controlled mechanical ventilation (CMV)), on the temperature (a third below 20°C), and on pets (dogs, cats or rodents) equally present in the two groups (around 55%).
However, control dwellings were less humid than patient homes (respectively 59% and 12% for the class below 40% RH), contained fewer plants (60% vs 76%), and fewer inhabitants were smokers (17% vs 37%).
| Sampling and microbiological methods used
MIEC visits are very important for patient management, but sometimes all mold sources cannot be discovered by visual inspection (behind the wallpaper, linoleum or furnishings, carpet, inside interior or exterior walls, in attics, in subflooring). 29 Consequently, a more objective measurement of airborne fungi is needed.
| Swab sampling
Culture swab was systematically lower for MFB than for RAFT ( Figure 2A ) due to a sampler effect (swab, medium furnished by our lab). Therefore, we decided to stop using this method systematically to evaluate home contamination. In the future, surface sampling by swabbing in an intensive manner will be used only for surfaces >3 m².
| Indoor air sampling
Unlike culture after swabbing, air impaction culture did not differ be- 
| Outdoor factors influencing fungal contamination
Climatic and geographical position can influence fungal concentrations in indoor air. 30 This is especially the case in subtropical and tropical areas where other species more specific to the tropical zones are isolated in high concentrations (Curvularia spp., Exophiala spp., Dreschlera spp., and Penicillium decaturense) in addition to more common species that are also found in continental climates (Aspergillus spp., Penicillium spp., and Cladosporium spp.). 31 Moreover, concentrations of whole fungi in indoor and outdoor air are higher in subtropical and tropical areas than in Europe. 15, 32, 33 From a practical point of view, in Europe, the climatic differences between Portugal, France, and Finland are not so important in terms of temperature range, sunshine, and rainy periods 34 ( Table 1) . 35 insistence, we prefer not to take samples during the summer. 
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The main causes of increased mold growth in the present study were humidity and water damage, but no statistical difference in air fungal concentration was detected. There was only a statistical difference between the types of dwellings (P-value <0.01), with apartments located on the ground floor being more contaminated than others. The discrepancy with regard to the analysis of the previous study 45 is probably due to the more restricted questionnaire on the environmental description of dwellings in the present study.
| Air sampling and room choice
A small but not significant difference in total fungi was observed between rooms of a given dwelling, with higher mold concentrations found in bathrooms ( Figure 2B ). Bathroom measurements alone appear to be indicative of the contamination level of a dwelling. However, some qualitative differences on isolated genera between a dry room (ie, more Penicillium spp.) and a wet room (ie, more Rhodotorula spp.) should influence the choice of which room(s) to be sampled. On the other hand, the bathroom is used by each family member only a few minutes per day, whereas the bedrooms are occupied 7 h by adults and up to 10 h by children. Paradoxically, the bedroom is often closed, less ventilated, and cleaned less often than other rooms. It is probably a good idea to continue sampling two rooms (bedroom and bathroom); and if only one is chosen, we believe that the bedroom is the best choice. Beguin and Nolard have suggested investigating the bedroom first and foremost. 
| Comparison of thresholds and guidelines
The distribution into four classes (UHB criteria) of the airborne concentrations in total molds of 1012 dwellings is as follows: low (40.2%), moderate (34.2%), high 6.6%, and very high (19%). Only the last class is considered as not compliant with the UHB criteria.
| PDL 118 vs UHB criteria
Five hundred and fifty-eight rooms (55.2%) do not respect one or several conditions of the PDL 118 ( 
| ANSES recommendations vs UHB criteria
In the present study, only 5.2% of dwellings did not comply with both ANSES recommendations, leading to the rehousing of some inhabitants: >1000 cfu/m 3 (21.5% n = 152/707) and >3 m² of moldy surfaces (8.3% n = 59/707) ( Table 3) .
A discrepancy between visible molds and the low concentration of airborne molds was described in two previous studies. 45, 47 This discrepancy analyzed by culture was estimated at 16%, and on the contrary, the presence of a strong airborne concentration with no visible moldy surfaces represented 18% of the samples. 45 Hidden sources of molds were described by measuring mVOC (microbial volatile organic compounds). 48 In fact, criteria based on simply observing the extent of moldy surfaces in a given dwelling are less reliable and less accurate than measuring concentrations of airborne fungi. Consequently, more objective measures must be 
| Culture investigations and guideline applicability in France
In the past, French research teams published data on fungi exposure In Marseille (southern France, Mediterranean climate), Cladosporium spp., Penicillium spp., Aspergillus spp., and Alternaria spp. were detected most often, 49 at an order of frequency quite similar to that of Paris (continental climate) 53 and Rennes (western France, oceanic climate). 54 In Strasbourg (eastern France, continental climate), the most common fungi were Cladosporium spp., Aspergillus spp., and Penicillium spp.. 51 The only change was in the order of frequency of each of the four most common genera isolated in Nancy (110 km west of Strasbourg), 52 and in Besançon (170 km south-east of Nancy, 210 km south of Strasbourg).
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The main findings of these previous papers were descriptions of the fungi species present in French dwellings, similar from one area to another, the only change being the order of frequency.
Consequently, guidelines determined in one region could be useful in another.
| Other indoor fungi measurements in France
French home investigations were not limited to culture means.
QPCR, [54] [55] [56] mVOC, 57 and metabarcoding 58 were also used.
We do not believe that it is possible to use the mVOCs measure.
Molds do not produce VOC continuously but rather according to their stage of development. The nature and quantity released are also dependent on the nature of the substrate. Another point is that VOC emitted by sources other than mold (up to 100-1000 higher concentrations) are detected in the indoor environment (furniture, paint, wallpaper, etc) thus skewing the analysis. 59 QPCR requires a prior choice of targeted species. It can quantify both live spores and dead ones, allowing a better estimation of the specific fungal load to which allergic subjects may be exposed. 60 Although metabarcoding detects all the fungal species present in a given area, systematic quantification at the species level is not possible. The quantification obtained is generally a relative quantification between species. For example, some genera belonging to the mucorales are poorly amplified and thus underestimated. Except for the genus Epicoccum spp., the main genera identified in dwellings are the same as in culture. Numerous other rare species have also been identified, including uncultivated species, 58 but time is needed to obtain significantly new results with molecular tools. 
| Correlation between diseases and fungal concentrations in dwellings
We compared the results obtained from 908 patient dwellings and those of 104 non-allergic controls to seek a link between home fungal concentrations and the diseases developed by the patients. Fungi air concentrations were higher for allergenic than and other diseases 100 (11.0%) (nausea, fatigue, hypersensitivity pneumonitis (HP)).
The whole number of colonies per cubic meter of air was correlated with asthma (P < 0.001) and rhinitis (P = 0.002), but not with conjunctivitis (P = 0.14) nor with HP (P = 0.3) ( Table 4 ).
In total, 67 genera and species were detected in bedrooms. For species analysis with health data, rare fungi, defined as present in <5% of dwellings, were not added to the analysis. Thus, only 12 species were included in the logistic regression analysis. Asthma was correlated to A. versicolor (P = 0.004), Cladosporium spp. (P = 0.02),
A. niger (P = 0.03), and A. alternata (P = 0.05) ( Table 5 ).
For each of the significantly correlated species, the value thresholds which allowed us to discriminate 90% of the asthmat- The weak frequency of A. niger isolation is probably due to the fact that the microconidies are totally smooth (with no ornamentation). This prevents them from remaining airborne for a long time.
Aspergillus fumigatus should be excluded from the criteria as fungi with mainly an infectious role in immunocompromised patients.
Some studies did not find any relation between isolated molds and respiratory disease. Although Cladosporium spp. and Penicillium spp. were the most prevalent fungi in homes of asthmatic and non asthmatic Swedish children (n = 400), there were no significant differences in the mean fungal concentrations of indoor air between the two groups. 47 Moreover, no association could be found between the spore concentrations of five genera and unidentified yeasts in indoor dust (Penicillium spp., Aspergillus spp., Alternaria spp., Rhodotorula spp., Trichoderma spp., and yeast) and asthma in children. 62 Similar results were reported in floors, mattresses, dust and the bedroom air of German children's dwellings (n = 397). 43 On the other hand, Cladosporium spp. and Aspergillus spp., cultivated from 272 house dust samples, were associated with an increased risk of allergic sensitization in German children. 63 In
France, using five qPCR (n = 220 surface samples), quantification
of Cladosporium sphaerospermum can help to better target social service intervention in moisture-damaged homes (MDH) (MDH vs controls, P < 0.001) and quantifying A. versicolor DNA could be useful to characterize allergic patient homes (APH) (APH vs controls, P < 0.05). 56 Nevertheless, on the same recruitment using air culture in patient homes, our team found significantly higher concentrations of only Penicillium spp. 19 Others studies demonstrate that levels of Penicillium spp. were a significant risk factor for wheeze in the first year of life 64 and were associated with increased peak expiratory flow variability in asthmatic children. 65 However, serological but not environmental evidence, given in favor of the probable role of A. versicolor antigens as major antigens, might enable a species-specific diagnosis of allergic reactions. 66 In a meta-analysis, Cladosporium spp., Alternaria spp., Aspergillus spp., and Penicillium spp. were found to be present in higher concentrations in homes of asthmatic patients, exacerbating asthma symptoms in children and adults. 67 In the same way, and with a molecular tool, Reponen and colleagues observed that the sum of three mold species Aspergillus ochraceus, Aspergillus inguis, and Penicillium variabile measured in dust by qPCR for oneyear-old children significantly predicted the presence of asthma at seven years of age. 68 Mendell and colleagues concluded in a meta-analysis that indoor mold was consistently associated with increased asthma development and exacerbation, but specific causative agents have not yet been established. 69 Observed synergistic interactions between numerous microorganisms and insects (fungi, bacteria, and mites) or animal allergens (dogs and cats), and geographical specificity probably explain the difficulties in identifying specific causes affecting health in indoor environments. 
| CON CLUS IONS
Asthma is caused by a combination of multiple individual and environmental factors. Its development cannot be explained solely by the presence of one or several specific allergens from fungi, mites, pets, and bacteria. On the other hand, the species of fungi that we described as correlated to asthmatic dwellings are probably markers of particular environmental situations favoring the disease or its exacerbation. As such, they present a risk for patients and require the implementation of measures to protect them (cleaning or rehousing). TA B L E 5 Logistic regression model, adjusted odds ratios (aOR), and 95% confidence intervals (95% CIs) between asthma and microbial genera and species concentrations The other genera and species included in the model before the stepwise backward selection process were Aspergillus fumigatus, Aspergillus glaucus, Aspergillus nidulans, Aspergillus ochraceus, Penicillium spp., Wallemia sebi, Rhodotorula spp., and white yeasts. OR were adjusted on the other species included in the model.
With regard to couple sampling of air by impaction/culture on DG18, in the present study, we determine which dwelling is at risk by using limited sampling (four air and four surface samples). These indicators on whole fungi concentrations and some specific fungi species are probably more efficient than using chemical compound measurement. Using only one air sample in bedrooms will considerably reduce the survey cost.
Obviously, in the near future, sensors such as the electrostatic dust fall collector (EDC) 71 will make it possible to carry out longer time samples, and molecular tools (qPCR and metabarcoding) to detect and quantify target species. 58, 70, 72 
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